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SPECIFICATION 

[TITLE OF THE UTILITY MODEL] ZOOM LENS BARREL 
[WHAT IS CLAIMED IS:] 

[Claim 1] A zoom lens barrel comprising: 
a zoom optical system member; and 

a cam follower having a first cam follower portion and a 
second cam follower portion having different shapes and being 
moved along a first cam groove and a second cam groove having 
different depths and provided on the zoom optical system 
member. 

[DETAILED DESCRIPTION OF THE UTILITY MODEL] 
[0001] 
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[Field of the Utility Model] The present device relates to a 
zoom lens barrel, and more specifically, to a zoom lens barrel 
in which lens units are moved backward or forward along the 
optical axis by driving the lens barrel provided with a cam 
groove . 
[0002] 

[Prior Arts] In conventional zoom lens barrels, typically, the 
zoom lens is moved backward or forward by a driving mechanism 
using a fixed frame and a cam ring, a driving mechanism using 
a cam plate, or the like. Fig. 12 is an exploded perspective 
view of the conventional three-unit zoom lens barrel using a 
fixed frame and a cam ring. The driving mechanism of this zoom 
lens barrel has a unifilar suspension structure in which each 
lens holding frame is driven by one cam follower, and mainly 
comprises a fixed frame 51 fixed to a non-illustrated camera 
body, a cam ring 52 fitted on the periphery of the fixed frame 
51/ and lens holding frames 53, 54 and 55 holding first to third 
unit lens elements, respectively. The holding frames are 
provided with guide protrusions 56, 57 and 58 that are slidably 
inserted into a rectilinear guide groove 51a of the fixed frame 
51, and the holding frames 53, 54 and 55 are held so as to be 
movable backward or forward in the above-mentioned direction 
in the fixed frame 51. The cam followers 56, 57 and 58 as the 
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guide protrusions of the holding frames are slidably inserted 
into three cam grooves 52a, 52b and 52c of the cam ring 52. 
In the thus structured zoom lens barrel, when the cam ring 52 
is rotated, the lens holding frames 53, 54 and 55 are moved 
backward or forward along the cam grooves 52a, 52b and 52c, 
respectively. 

[0003] Fig. 13 is a view showing the curves of the moving- 
out positions of the lens holding frames 53, 54 and 55 in zooming 
from the telephoto position to the wide-angle position. The 
cam ring 52 rotates approximately 360° as shown in Fig. 14 to 
perform the above-mentioned lens moving out from the telephoto 
position to the wide-angle position. A developed view of the 
cam grooves 52a, 52b and 52c provided on the cam ring 52 is 
shown in Fig. 15. 

[0004] In the above-described lens barrel, since one cam groove 
is provided per lens unit as shown in Fig. 15, a problem such 
that cam grooves interfere or intersect each other does not 
particularly occur. However, because of the unifilar 
suspension structure, the movement of the holding frames does 
not stabilize. Therefore, zoom lens barrels that are put into 
practical use have a trifilar suspension structure in which 
the lens holding frames are driven by three cam followers. In 
the trifilar structure, the cam grooves provided on the cam 
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ring are more complicated, so that a case can be considered 
where cam grooves interfere with each other. In particular, 
since the diversification of zoom lens optical systems in 
recent years has complicated the movement of the lens holding 
frames and increased the movement amount thereof, the 
above-mentioned problem where the cam grooves interfere or 
intersect each other has occurred, and there are cases where 
this imposes restrictions on the function of the lens barrel. 
[0005] Fig. 16 shows a developed view of the cam grooves of 
the cam ring of a lens barrel having the trifilar suspension 
structure, and shows an example in which the length in the 
direction of the optical axis is increased to avoid 
interference or intersection between the cam grooves which is 
the above-described problem. In this figure, the three cam 
grooves disposed on a first unit lens holding frame are denoted 
by 52a, 60a and 61a. The cam grooves for the three disposed 
on a second unit lens holding frame are denoted by 52b, 60b 
and 61b. Likewise, the three cam grooves disposed on a third 
unit lens holding frame are denoted by 52c, 60c and 61c. By 
thus disposing the cam grooves, a cam ring can be realized in 
which interference or intersection between the cam grooves can 
be avoided. However, the lens barrel is increased in size, which 
hinders size reduction. 
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[0006] Fig. 17 shows, as a lens barrel of another conventional 
example, a developed view of cam grooves when the loci of the 
cam grooves are erected, the length of the cam ring is reduced 
with the cam grooves not intersecting each other and the driving 
angle of the cam ring is reduced to 1/3. In this figure, the 
cam grooves for a first unit lens holding frame are denoted 
by 63a, 64a and 65a. The cam grooves for a second unit lens 
holding frame are denoted by 63b, 64b and 65b. Likewise, the 
cam grooves for a third unit lens holding frame are denoted 
by 63c, 64c and 65c. With these cam grooves, the angle of 
pressure of the cam grooves on the cam follower inevitably 
increases . From the point of view of balance with the f rictional 
force, the lens holding frames cannot be driven when the angle 
of pressure of the cam grooves is not less than a predetermined 
value. 

[0007] Therefore, if it is possible to realize a holding frame 
driving mechanism that enables driving of the cam follower on 
the intersection of the cam grooves, the angle of pressure of 
the cam grooves can be reduced by laying down the cam grooves 
by allowing the cam grooves to intersect each other, so that 
a compact lens barrel avoiding an increase in size of the cam 
ring can be realized. 

[0008] Fig. 18 shows the moving-out curves of the lens holding 
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frames of a two-unit zoom lens barrel that allows the cam 
grooves to intersect each other. As shown in this figure, a 
first unit lens holder 46 and a second unit lens holder 47 are 
moved from the telephoto position to the wide-angle position. 
Fig. 19 shows a developed view of cam grooves in the case of 
the trifilar suspension driving of the cam ring of the lens 
barrel of Fig. 18, and the cam grooves for the first unit lens 
holding frame are denoted by 48a, 48b and 48c. The cam grooves 
for the second unit lens holding frame are denoted by 48d, 48e 
and 48f. Of the above-mentioned cam grooves, 48c and 48d 
intersect at an intersection CI, 48a and 48e intersect at an 
intersection C2, and 48b and 48f intersect at an intersection 
C3. Therefore, by adopting the above-mentioned lens holding 
frame driving mechanism that allows the cam grooves to 
intersect each other, the cam ring having the cam grooves of 
Fig. 19 can be applied to lens barrels. 

[0009] Even in the case of a lens barrel in which the movement 
amounts of the zoom lens holding frames are large and there 
is a large inflection point or the like in the curves of the 
cam grooves, by applying a cam follower mechanism in which the 
angle of pressure of the cam grooves is reduced by rotating 
the cam ring twice and the position where the cam grooves 
intersect can be passed through, a compact lens barrel can be 



-6- 




realized. Fig. 20 is a line' drawing showing the movement amounts 
of lens holding frames 66A, 66B and 66C with respect to two 
rotations, that is, an angle of rotation of 720° of the cam 
ring in a three-unit lens barrel having the unif ilar suspension 
structure. Fig. 21 is a developed view of cam grooves of the 
cam ring, and shows the loci of a cam groove 66a with respect 
to the holding frame 66A, a cam groove 66b with respect to the 
holding frame 66B and a cam groove 66c with respect to the 
holding frame 66C. By the cam ring rotating twice, 
intersections C4 and C5 of the cam grooves occur. However, even 
such a cam ring can be put to practical use as a lens barrel 
by adopting the driving mechanism that allows the cam grooves 
to intersect each other. 

[0010] Previously proposed lens holding frame driving 
mechanisms that allow cam grooves to intersect each other 
include a zoom lens barrel disclosed in Japanese Published 
Patent Application No. S63-41041. This lens barrel has at least 
two lens units, and a plurality of, for example, three cam 
grooves are provided per lens unit in a cam cylinder 
corresponding to the cam ring. The cam grooves of each lens 
unit have different depths and widths. The cam followers 
inserted into the cam grooves are provided with a shape that 
fits the shape of the cam grooves of each lens unit . For example, 
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one has a cylindrical shape, and another has a prismatic shape. 
The cam followers are slidable along the corresponding cam 
grooves, and even when cam grooves for different lens units 
intersect each other, because of the difference in shape, the 
cam followers slide along the corresponding cam grooves. 
However, the lens holding frame is reliably moved by disposing 
the phases of the intersections of the cam grooves so as to 
be shifted from each other. 
[0011] 

[Problems to be Solved by the Utility Model] However, in the 
zoom lens barrel disclosed in Japanese Patent Publication No. 
S63-41041, cam followers are driven that have different shapes 
in accordance with the cam grooves for each lens unit . Therefore, 
this cannot be applied to the driving of the cam follower on 
the intersection C5 of the communicating cam groove 66c for 
the same lens unit holding frame as shown in the developed view 
of the cam grooves of Fig. 20. Moreover, since it is necessary 
that the phases of the intersections of the cam grooves for 
each lens unit be shifted from each other, the shape of the 
cam grooves and the size of the cam ring are restricted, so 
that the degree of freedom is limited. 

[0012] The present device is made to solve the above-described 
problem, and even when the cam grooves are disposed so as to 
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intersect each other, the cam follower can be driven well in 
a desired direction. Accordingly, an object is to provide a 
zoom lens barrel capable of holding lens units in a compactly 
structured barrel even in the case of complicated cam grooves 
without being limited by the number of lens units. 
[0013] 

[Means for Solving the Problems] A zoom lens barrel of the 
present device comprises: a zoom optical system member; and 
a cam follower having a first cam follower portion and a second 
cam follower portion having different shapes and being moved 
along a first cam groove and a second cam groove having 
different depths and provided on the zoom optical system 
member. 
[0014] 

[Actions ] A first cam follower portion and a second cam follower 
portion are driven under a condition where they are inserted 
into corresponding cam grooves comprising a first cam groove 
and a second cam- groove. Also, in the position where the cam 
groove comprising the first cam groove and the second cam groove 
itself intersects or in the position where the cam groove 
comprising the first cam groove and the second cam groove and 
another cam groove comprising the first cam groove and the 
second cam groove intersect each other, the second cam follower 
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is moved along the second cam groove because of the difference 
in shape, so that the zoom optical system member is driven 
without any trouble also at the intersection. 
[0015] 

[Preferred Embodiment of the Utility Model] The present device 
will be described with reference to illustrated embodiments. 
Fig. 1 is an exploded perspective view of a zoom lens barrel 
showing a first embodiment of the present device. Fig. 2 is 
a longitudinal cross-sectional view of the lens barrel taken 
in the direction of the optical axis, and Fig. 3 is a 
longitudinal cross-sectional view of the lens barrel taken in 
a direction perpendicular to the optical axis. The lens barrel 
of the present embodiment is a three-unit zoom lens barrel 
having the unifilar suspension structure in which a pair of 
cam followers are disposed on each lens holding frame. The 
structure comprises : a fixed frame 1 fixed to a non-illustrated 
camera body; a cam ring 2 rotatably fitted on the fixed frame 
1; and a first, a second and a third lens holding frame 3, 4 
and 5 to which a first, a second and a third unit lens 17, 18 
and 19 is attached. The cam ring 2 is rotated approximately 
twice between the telephoto and wide-angle positions of 
zooming. 

[0016] As shown in Fig. 1 through Fig. 3, a rectilinear guide 
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groove la for rectilinearly guiding the lens holding frames 
is disposed on the fixed frame 1. Moreover, a cam groove 2a 
for driving a first unit lens holding frame 3, a cam groove 
2b for driving a second unit lens holding frame 4 and a cam 
groove 2c for driving a third unit lens holding frame 5 for 
which cam grooves each comprise a first cam groove and a second 
cam groove are disposed on the inner peripheral surface of the 
cam ring 2. These cam grooves are formed in accordance with 
the desired movement curves of the lens frames, and have 
positions where they intersect each other. 

[0017] Further, guide protrusions 3a, 4a and 5a inserted into 
the rectilinear guide groove la of the fixed frame 1 are 
provided on the top of the first, second and third lens holding 
frames 3, 4 and 5, respectively. To the protrusions, 
substantially cylindrical cam followers 6, 7 and 8 which are 
first cam follower portions insertable in the first cam groove- 
are fixed, respectively. Further, cam followers 9, 10 and 11 
of a second cam follower portion having a different shape from 
the cam followers 6, 7 and 8, having a portion of a shape 
coinciding with a predetermined lead of the groove portion and 
whose both ends in the direction of the length form a 
cylindrical surface are rotatably fitted on the cam followers 
6, 7 and 8, and although not shown, some measures to prevent 
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detachment are taken. The shape of the second cam follower 
portion may be elliptical. 

[0018] Fig. 4(A) shows part of a developed view of the cam 
grooves of the cam ring 2. Fig. 4(B) is a cross-sectional view 
taken on the line D-D of Fig. 4(A), and Fig. 4(C) is a 
cross-sectional view taken on the line D-D of Fig. 4(A) . As 
shown in Fig. 4(A) , 4(B) and 4(C), a cam groove 2d of a part 
where the change in lead angle is small comprises a deep groove 
portion 2e which is the first cam groove and a shallow groove 
portion 2f which is the second cam groove that is substantially 
parallel and wider than the cam groove 2d. On the other hand, 
a cam groove 2g of a part where the change in lead angle is 
large, that is, a part where the curvature is high comprises 
a deep groove portion 2h which is the first cam groove and a 
shallow groove portion 2i which is the second cam groove and 
wider than the groove portion 2f. 

[0019] The cam follower 6, 7 or 8 is slidably insertable in 
the groove portion 2e or 2h without any gap. Moreover, the cam 
follower 9, 10 or 11 is insertable in the groove portion 2f 
with a slight gap. In the groove portion 2i, the cam follower 
9, 10 or 11 is inserted with a large gap that allows the cam 
follower 9, 10 or 11 to pass through while making a turn. The 
cam grooves 2d and 2g share an intersection 2j, and at the 
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intersection 2j, the method of the cam follower 6, 7 or 8 is 
not position-restricted. However, the arc-shaped portion at 
the end of the cam follower 9, 10 or 11 is guided by the cam 
groove 2f or 2i to be position-restricted, and is moved being 
inserted into the cam groove 2d or 2g situated in front thereof. 
[0020] Describing the operation of driving of the lens holding 
frames of the lens barrel of the present embodiment structured 
as described above, first, the lens holding frames incorporated 
in the fixed frame 1 and the cam ring 2 are moved backward or 
forward through the cam grooves when the cam ring 2 is rotated. 
For example, with respect to the third unit lens holding frame 
5, when the cam followers 8 and 11 thereof are situated on the 
cam groove 2d of the part where the change in lead angle is 
small, as shown in the developed view of Fig. 5(A) or Fig. 5(B) 
which is a cross-sectional view taken on the line F-F of Fig. 
5(A), the cam followers 8 and 11 are both driven while sliding 
in the cam grooves 2e and 2f with a small gap. When the cam 
followers 8 and 11 are situated on the cam groove 2g of the 
part where the change in lead angle is large, as shown in the 
developed view of Fig. 6(A) or Fig. 6(B) which is a cross- 
sectional view taken on the line G-G of Fig. 6(A), the cam 
follower 8 is driven while sliding in the cam groove 2h without 
any gap. However, the cam follower 11 is moved while rotating 
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on the groove portion 2i in "response to the action of the cam 
follower 8 following the cam groove 2h that largely bends. 
[0021] Further, when the lens holding frame 5 is moved so that 
the cam followers 8 and 11 reach the intersection 2j of Fig. 
4, the cam follower 11 is guided by the cam groove 2f or 2i 
to be inserted into the side of the opposing cam groove 2d or 
2g, and the cam follower 8 follows it to be moved to the side 
of the cam groove 2d or 2g. The position restriction of the 
lens holding frame 5 on the intersection 2j is performed by 
the cam follower 11. Thereafter, the lens holding frame 5 is 
driven similarly to the above-described driving operation. 
[0022] While the operation described above is given with 
respect to the lens holding frame 5, the other lens holding 
frames 3 and 4 are similarly driven through the corresponding 
cam grooves. As described above, the lens barrel of the present 
embodiment has a structure in which lens driving is performed 
by rotating the cam ring 2 twice and the first cam follower 
and the second cam follower having different shapes can be 
transported even on intersecting cam grooves by use of a single 
driving portion. Therefore, the cam followers can be driven 
even under a condition where one communicating cam groove 
intersects, and further, it is unnecessary to shift the phases 
of the cam groove intersections. Consequently, from the 
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above-mentioned cam groove shape, the cam ring 2 can be formed 
so as to be short, so that a compact zoom lens barrel can be 
realized. 

[0023] Fig. 7 is a perspective view of the surroundings of a 
cam follower of a lens holding frame showing a modification 
of the zoom lens barrel of the first embodiment. In this 
modification, the cam follower 16 comprises a first cam 
follower portion 16a and a second cam follower portion 16b 
integrated with each other. The cam follower 16 is rotatably 
fitted on a support pin 15 provided on a rectilinear guide 
protrusion 14a disposed on a lens holding frame 14. Although 
not shown, measures to prevent the cam follower 16 from being 
detached from the support pin 15 are taken. The cam follower 
portion 16a has a cylindrical shape of a predetermined diameter . 
The cam follower portion 16b has a different shape from the 
cam follower portion 16a and, like the cam follower 11, has 
a portion of a shape coinciding with a predetermined lead of 
the groove portion, and its both ends in the direction of the 
length form a cylindrical surface. The shape of the second cam 
follower portion 16b may be elliptical. 

[0024] Fig. 8 and Fig. 9 are views showing the condition where 
the cam follower 16 is inserted into cam- grooves of a cam ring 
13. Reference numeral 12 shown in the figure represents a 
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rectilinear guide groove portion of a fixed frame. Fig. 8 is 
a view showing the condition where the cam follower 16 is 
inserted into cam grooves 13a and 13b of a part where the lead 
change is small, Fig. 8(A) shows part of a developed view, and 
Fig. 8(B) shows a cross section taken on the line H-H of Fig. 
8(A) . In this case, the width of the part of the cam groove 
13a where the cam follower portion 16a is inserted and the width 
of the part of the cam groove 13b where the cam follower portion 
16b is inserted are substantially the same, and the gap is small . 
Fig. 9 shows the condition where the cam follower 16 is inserted 
into cam grooves of a part where the lead change is large, Fig. 
9 (A) shows part of a developed view, and Fig. 9 (B) shows a cross 
section taken on the line I-I of Fig. 9(A). There is no gap 
in the width of the cam groove 13c of the part where the cam 
follower portion 16a is inserted, and the cam groove 13d of 
the part where the cam follower 16b is inserted is wide. 
Although not shown, the cam grooves 13a and 13c also have an 
intersection like" those of the first embodiment, and the 
behavior of the cam follower 16 at the intersection is similar 
to that of the first embodiment. 

[0025] Next, a zoom lens barrel showing a second embodiment 
of the present device will be described. While in the zoom lens 
barrel of the first embodiment, a fixed frame is used as a member 
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that holds the lens holding frames so as to be movable backward 
or forward in the direction of the optical axis without being 
rotated, in the lens barrel of the present embodiment/ 
rectilinear guide rods 22 and 23 are used instead of the fixed 
frame as shown in the exploded perspective view of Fig. 10. 
The rectilinear guide rods 22 and 23 are held by being fixed 
to a non-illustrated camera body. On the rods 22 and 23, through 
holes 24a, 25a and 26a for holding a first, a second and a third 
unit lens holding frame 24, 25 and 26 are fitted, and the lens 
holding frames are slidably held. To the first, second and third 
unit lens holding frames 24, 25 and 26, cylindrical cam 
followers 27, 28 and 29 which are first cam follower portions 
are fixed, respectively. On the cam followers 27, 28 and 29, 
cam followers 30, 31 and 32 which are second cam follower 
portions are rotatably fitted. This shape is similar to that 
of the cam followers 9, 10 and 11 of the first embodiment. 
[0026] Then, the first, second and third unit lens holding 
frames 24, 25 and 26 are inserted into the cam ring 21 rotatably 
held by the camera body. On the inner peripheral surface of 
the cam ring 21, cam grooves 21a, 21b and 21c each having a 
first and a second cam groove are disposed like that of the 
first embodiment, and the cam followers 27, 28 and 29 and the 
cam followers 30, 31 and 32 are inserted into the corresponding 




cam grooves. The shape of the cam grooves is the same as that 
of the first embodiment. Further, the cam ring 21 is rotated 
to thereby move the lens holding frames 24, 25 and 26 backward 
or forward also in the lens barrel of the present embodiment, 
and the operation in moving the lens barrels is the same as 
that of the first embodiment. 

[0027] Next, a zoom lens barrel showing a third embodiment of 
the present device will be described. While the lens barrels 
of the first and second embodiments have the unifilar 
suspension structure, to further stabilize the movement of the 
lens holding frames, the lens barrel of the present embodiment 
has the trifilar suspension structure. Fig. 11 shows an 
exploded perspective view of the lens barrel, and three pairs 
of cam followers are disposed on each of lens holding frames 
37, 38 and 39. That is, on the lens holding frame 37, three 
cam followers 40 which are first cam follower portions are fixed 
onto three rectilinear guide protrusions 37a. Further, three 
cam followers 43 which are second cam follower portions are 
rotatably fitted on the cam followers 40. The shapes of the 
first and second cam followers are the same as those of the 
cam followers of the first embodiment. Likewise, on the lens 
holding frames 38 and 39, three cam followers 41 and 42 which 
are first cam follower portions are fixed onto rectilinear 
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guide protrusions 38a and 39a. Further, three cam followers 
44 and 45 which are second cam follower portions are rotatably 
fitted on the cam followers 41 and 42. 

[0028] These lens holding frames 37, 38 and 39 are inserted 
into a fixed frame 35 having three rectilinear guide grooves 
35a. Further, a cam ring 36 is rotatably fitted on the fixed 
frame 35, and at the same time, the cam followers 40, 43, etc., 
of the lens holding frames 37, 38 and 39 are inserted into cam 
grooves 36a, 36b and 36c having a first and a second cam groove . 
The shape of the cam grooves is the same as that of the first 
embodiment . 

[0029] The cam ring 36 is rotated to thereby move the lens 
holding frames 37, 38 and 39 backward or forward also in the 
lens barrel of the present embodiment, and the behavior of the 
cam followers with respect to the cam grooves is the same as 
that of the first embodiment. However, in the lens barrel of 
the present embodiment, since the lens holding frames have the 
trif ilar structure, the number of intersections of cam grooves 
is larger. However, by the driving mechanism comprising a 
combination of the first and second cam follower portions and 
the first and second grooves, the holding frames are moved more 
stably. 
[0030] 
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[Effects of the Utility Model]" As described above, according 
to the zoom lens barrel of the present device, since a zoom 
optical system member and a cam follower having a first cam 
follower portion and a second cam follower portion having 
different shapes and being moved along a first cam groove and 
a second cam groove having different depths and provided on 
the zoom optical system member are provided, many remarkable 
effects are produced such that even when cam grooves are 
disposed so as to intersect each other, the cam follower can 
be driven well by guiding the cam follower in a desired 
direction and lens units can be held in a compactly structured 
barrel even in the case of complicated cam grooves without being 
limited by the number of lens units. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] An exploded perspective view of the zoom lens barrel 
showing the first embodiment of the present device. 

[Fig. 2] A view showing a longitudinal section taken in the 
direction of the optical axis of the zoom lens barrel of Fig. 
1. 

[Fig. 3] A view showing a longitudinal view in the direction 
perpendicular to the optical axis of the zoom lens barrel of 
Fig. 1. 

[Fig. 4] A view showing the shape of the cam grooves of the 
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cam ring of the zoom lens barrel of Fig. 1, (A) being a developed 
view thereof, (B) being a cross section taken on the line D-D 
of (A) , (C) being a cross section taken on the line E-E of (A) . 
[Fig. 5] A view showing the condition of insertion of the cam 
followers in the cam grooves of the part where the lead change 
is small in the zoom lens barrel of Fig. 1, (A) showing it as 
a developed view, (B) showing a cross section taken on the line 
F-F of (A) . 

[Fig. 6] A view showing the condition of insertion of the cam 
followers in the cam grooves of the part where the lead change 
is large in the zoom lens barrel of Fig. 1, (A) showing it as 
a developed view, (B) showing a section G-G of (A) . 
[Fig. 7] A perspective view of the surroundings of the cam 
follower of the lens holding frame in the zoom lens barrel of 
the modification of the first embodiment of Fig. 1. 
[Fig. 8] A view showing the condition of insertion of the cam 
follower in the cam grooves of the part where the lead change 
is small in the zoom lens barrel of the modification of Fig. 
7, (A) showing it as a developed view, (B) showing a cross 
section taken on the line H-H of (A) . 

[Fig. 9] A view showing the condition of insertion of the cam 
follower in the cam grooves of the part where the lead change 
is large in the zoom lens barrel of the modification of Fig. 
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7, (A) showing it as a developed view, (B) showing a cross 
section taken on the line I-I of (A) . 

[Fig. 10] An exploded perspective view of the zoom lens barrel 

showing the second embodiment of the present device. 

[Fig. 11] An exploded perspective view of the zoom lens barrel 

showing the third embodiment of the present device. 

[Fig. 12] An exploded perspective view of the conventional zoom 

lens barrel whose holding frames have the unifilar suspension 

structure . 

[Fig. 13] The movement curves of the lens units of the zoom 
lens barrel of Fig. 12 in zooming. 

[Fig. 14] A view showing the rotation range of the cam ring 
of the zoom lens barrel of Fig. 12. 

[Fig. 15] A developed view of the cam grooves of the cam ring 
of the zoom lens barrel of Fig. 12. 

[Fig. 16] A developed view of the cam grooves of another 
conventional zoom lens barrel whose holding frames have the 
trifilar suspension structure. 

[Fig. 17] A developed view of the cam grooves of still another 
zoom lens barrel whose holding frames have the trifilar 
suspension structure. 

[Fig. 18] The movement curves, in zooming, of the lens units 
of still another conventional zoom lens barrel having two lens 
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units and whose lens holding frames have the trifilar 
suspension structure . 

[Fig. 19] A developed view of the cam grooves of the zoom lens 
barrel of Fig. 18. 

[Fig. 20] A view showing the movement curves of the lens holding 
frames of still another conventional zoom lens barrel having 
three lens units and performing zooming by rotating the cam 
ring twice. 

[Fig. 21] A developed view of the cam grooves of the cam ring 
of Fig. 20. 

[Description of Symbols] 

2, 13, 21, 36: cam ring (zoom optical system member) 

2a, 2b, 2c, 2d, 2e, 2f, 2g, 21a, 21b, 21c, 36a, 36b, 36c, 52a, 

52b, 52c: cam groove (first cam groove, second cam groove) 

2e, 2h, 13a, 13c: cam groove 

2f, 2i, 13b, 13d: cam groove 

6, 7, 8, 16a, 27, 28, 29, 40, 41, 42: cam follower (first cam 
follower portion) 

9, 10, 11, 16b, 30, 31, 32, 43, 44, 45: cam follower (second 
cam follower portion) 
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